INTRODUCTION
During research at Battelle into the toxicology of tobacco smoke, it was realized that the biological significance of skin-painting experiments with small rodents could only be assessed by comparative inhalation studies where animals were exposed to whole smoke, i.e. to both particulate and gas/vapour phase of the smoke. A smoking machine was designed which uses the principle of open smoking, i.e. the cigarette ends are open to the ambient air during the puff intervals. The puffs are drawn by applying controlled suction. Schultz and W agner (1) pointed out that there are numerous disadvantages with open systems, mainly because of the long time lapse in the handling and transfer of the labile aerosol. The present paper describes a continuous open smoking machine which has a very short time lapse in handling and transferring smoke to the dilution and exposure systems. A subsequent paper (2) will describe the chemical characterization of the smoke produced by the machine described here, comparing obtained smoke chemistries with those derived from analytical machines.
DESCRIPTION OF INHALATION MACHINE+

General Characteristics
The inhalation machine is designed to expose up to 72 rodents to a continuous supply of fresh smoke diluted to any required concentration from 0. Within this range we have found concentrations of up to 5 °/o to be the most useful in our experiments with rodents.
Introduction and lighting of fresh cigarettes and ejection of smoked butts are carried out automatically. Thirty cigarettes, held horizontally at the butt, are suction smoked under standard smoking conditions (35 ml puff for 2 seconds once every minute) by means of a lubrication-free 4-piston barrel pump. When n.ot under suction, the cigarettes are allowed to smoulder freely on a continuously rotating turntable. The whole puff leaves the pump on the discharge stroke and is immediately mixed with a continuous flow of diluting air supplied at a measured rate. This continuous stream of diluted smoke is then conducted to the animals under exposure, housed in individual holders arranged on three superposed trays. Each tray contains 24 animal holders arranged in a horizontal, radial position. By the use of different sizes of animal holders, it is possible to use the machine for the exposure of rats, hamsters or mice. Both trays and animal holders are designed to be easily and quickly dismantled and reassembled so that the transfer of animals can be made alongside either the machine or the cages in which animals are housed. A continuous flow of fresh, diluted smoke is swept past the head of each animal by continuously extracting stale smoke through an exit tube placed below the inlet tube at the head of the animal holder. In this way, a continuous extraction of unwanted stale smoke is achieved: rebreathing of expired smoke is avoided (the delivery of fresh smoke exceeds the animal's normal ventilation rate), so that animals are exposed only to smoke which is not "aged". By means of a valve arrangement, the diluted smoke flowing to the animal holders can be replaced with 100 ' 0 /o fresh air flow.
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Layout
The machine is enclosed in a ventilated cabinet':-having a volume of approximately 1 m3. Contained within this cabinet are the following elements (see Figure 1 ): 
Flow Path
The arrangement for the delivery of smoke to the animals and the evacuation of the stale smoke is shown in Figure 2 . The smoking pump is connected for 2 seconds each minute to one of the thirty individual cigarette holders; in several suction and discharge strokes the pump provides a total 
Overall view of inhalation machine (see text for details).
•: -For certain purposes (e.g. exposures using r adio-labelled smoke), this cabinet can be made air-tight to avoid contamination of the surr ounding atmosphere.
170 puff volume of 35 ml. The discharge strokes pulse the smoke into the dilution chamber. The puff is completed when the smoking head rotates, connecting the smoking pump to the next cigarette holder. Immediately after passing the pump exhaust port, the whole smoke is diluted with air in a chamber of 15 ml volume. Dilution air is supplied from an oil-free compressor and filtered before entering the machine at a constant pressure of about 0.5 bar. The needle valve "A" is used to regulate the flow rate indicated by the rotameter. The pressure of the dilution air drops progressively to atmospheric, from the needle valve to the animal holder. After leaving the dilution chamber, the fresh smoke passes to the distribution head where it enters a vertical outer annular chamber leading to the three trays. At the level of each tray, the smoke path is then diverted through the radial ducts leading to the individual animal holders. The smoke enters each animal holder at atmospheric pressure and flows around the animal's nose. In order to avoid an ambient air intake from the rear of the animal holder, the difference between the incoming inhalation flow and the extraction flow in each cage is positive and controlled. In addition, the connection between holder and tray is air-tight. The exhaust smoke is led from the individual holders in each tray, via the lower set of radial ducts, to the inner column of the annulus. Smoke then passes up to the distribut8r head and is filtered before entering the extraction flowmeter and control valve "B". Dry gas meters may be connected on line if measurements of the total quantity of inhalation air or exhaust flow are required during a 
Smoking Head
The smoking head (or turntable) is made of tempered • stainless steel and has ports for 30 cigarettes, each held in a horizontal position by means of rubber discs. The turntable is driven at a constant speed of 1 r.p.m. by a synchronous motor. The lapped underside of the head forms a gas-tight seal with three supporting carbon pads, one of which is the stationary suction port. The head is fitted with a larger diameter platform, which is used to transport the ash and ejected butts into the reservoir.
Smoke Pump
The smoke pump was designed to feed a continuous smoke flow via the air dilution system to the animal exposure device. The system consists of a conical gear driving four non-lubricated pistons in a rotating tempered stainless steel barrel (Fig. 3) ; the pump is driven by a synchronous motor with reduction gear, at a speed of 75 r.p.m. A typical puff profile obtained with this pump is shown in Fig. 4 .
Cigarette Injection and Discharge
The cigarette feed reservoir (hopper) has a capacity for approximately 400 cigarettes of up to about 100 mm in length. The loading device (Fig. 5) is pneumatically operated and is designed to inject the cigarettes into the Animal cage butt holders (without damaging either filter or rod). The smoked cigarettes are withdrawn from their holders by a hook device (Fig. 6 ) operating two positions ahead of the loading device. Above the smoking head is placed a supporting arm (Fig. 7) containing three microswitches. One, on the suction side of the head, actuates a timer mechanism while on the other side are the sensors for the butt extraction and the cigarette loader. The serisor for the butt extractor can be positioned radially to control the butt length. The information flow from the microswitches is used to control the smoking sequence by ejecting butts at preset lengths, loading new cigarettes, and lighting. The basic control panel has manual controls. 
Cigarette Lighting
A gas burner is mounted on a pivoting arm placed adjacent to the suction port. A timer actuates the burner for the arrival of a freshly loaded cigarette so that the burner flame is increased as the unlit cigarette arrives for the first time at the suction port.
Smoke Dilution and Distribution
During each two-second puff, the ten discharge strokes of the pump expel the smoke directly into the glass bowl connected to the underside of the smoking pump. All the dilution air is swept through this chamber causing the smoke to be intimately mixed with the air with the minimum of delay: at this point the age of the smoke is about 0.1 s. The bowl is easily removed to allow daily cleaning.
On leaving the chamber, the diluted smoke passes through flexible tubing to the distributor head. The head can be raised to allow removal of the trays, and two concentric, gas-tight rubber seals separate inhalation air, extraction flow and ambient air at the interface between distributor head and the top tray (Fig. 8) .
Trays
The trays are built around a central column, with radial ducts connecting each animal holder to the smoke supply and evacuation chambers in the centre of the tray. The radial ducts have an inside diameter of 3 mm and a length of 121.5 mm. This small diameter was chosen in order to obtain a high pressure drop to each holder compared to the very low pressure drop in the vertical column. As a result, the variations of flow between the 72 holders are within measurable accuracy (1 °/o) in spite of the asymmetric arrangement. At the animal's nose, the age of the smoke is about 1.5 seconds. The design of the exhaust ducts is identical with the inhalation side. The outer extremity of the tray consists of a metal base to support the rear portion of the animal holder (Fig. 9) . The inner and outer columns on each tray are sealed on the upper side by means of axial seals. The three trays are supported on a free-turning base which allows the animals to be rotated either continuously or periodically durincr the smoking session. This base is fixed to a set of extend~ able rails so that the trays can be brought forward from the machine cabinet for loading or unloading holders.
Peripherals
The connection block (Fig. 5) can be used for additional peripherals in or outside the inhalation laboratory for different smoking sequences, statistical data collection or control of the experiment. At present, two peripherals are in use: a) Portable modules (Fig. 10) , fitted with a keyboard and a_ display allowing the operator to program fully an expenment by a corresponding input on the keyboard. It is thus possible to smoke at a pre-set puff number independent of the loading sequence, or to program an inhalation session with alternate smoke and fresh air time 
Animal H alders
The satisfactory use of any inhalation machine is to a large extent determined by the animal holder. This must ensure that the animal is exposed to the aerosol without suffering undue stress from confinement. Such a holder has been developed for use with this inhalation machine taking into account the following: ease of inserting and removing animals, absence of sharp edges, absence of constraint for the tail, rapid drainage for urine, and sufficient ventilation around the rear portion of the animal. Urine and faeces are collected on each tray on the outer portion of the metal base during exposure. Two polycarbonate holders of different diameters used for rat exposure are shown in Fig. 11 . The smaller holder is used for juvenile rats and for females, while the larger holder is employed for adult male rats (other versions of similar design are available for use with hamsters and mice). An adjustable end piece with a rapid release catch holds the animal in place. 
DISCUSSION
There are many reports in the literature of devices for tobacco smoke exposures by inhalation, not all of which meet the requirements proposed at a Tobacco Smoke Inhalation Workshop (3). The machine described here meets all of these requirements, and possesses several advantages over other machines reported in the literature (1, 4, 5, 6, 7, 8, 9) . These advantages include an "open" smoking system with a rapid transfer of smoke to the animals, the absence of rebreathing or-smoke ageing problems, the simple dilution system, and the large number of animals which can be exposed at the same time.
Comment on the chemistry of the smoke delivered will be made in a separate paper (2); losses in the machine are not excessive and are reproducible. The machine has few parts requiring routine cleaning and maintenance; we have used some machines for several years and found them extremely reliable. One final advantage of the machines over those previously reported is the absence of collars or other animal-restraint devices. Animal injuries caused by restraint have thus been completely eliminated, even in studies where hundreds of animals ( Fig. 12 ) have been exposed daily for up to two years. 
SUMMARY
The fuller understanding of the biological responses of rodents inhaling cigarette smoke has been hindered, in part, by the inability to dose simultaneously a large number of animals with satisfactory reproducibility. This paper describes an inhalation machine which allows the simultaneous exposure of up to 72 animals to a continuous flow of freshly diluted cigarette smoke.
ZUSAMMENF AS SUNG
Bisher konnte die Reaktion von Nagetieren auf die Inhalation von Cigarettenrauch dadurch nicht vollstandig beurteilt werden, daB es nicht moglich war, eine groBe Zahl von Tieren gleichzeitig mit ausreichender Reproduzierbarkeit zu behandeln. Die vorliegende Arbeit beschreibt eine Rauchinhalationsmaschine, mit der gleichzeitig his zu 72 Tiere kontinuierlich einem Strom von frisch verdiinntem Rauch ausgesetzt werden konnen.
